Abstract. Considering the autopilot dynamic characteristics of the near space interceptor and the target maneuver, a novel sliding mode guidance law is proposed based on the extended state observer (ESO). Firstly, the ESO is constructed to estimate the target acceleration of the disturbances for the guidance system, and the disturbance estimated values are employed as the feed-forward compensation term to obtain the robustness of the target maneuver and system disturbances. Then, a novel sliding mode guidance law based on the ESO is given. Finally, simulation results for the near space interceptor guidance system show that the proposed guidance law can not only overcome the effect of the autopilot dynamic delay and target maneuver, but also ensure the accurate guidance results.
Introduction
To deal with the threat of the near space air-breathing hypersonic vehicles (NSHV), near space interceptor (NSI) with aerodynamic fins and reaction jets is a kind of effective defense scheme. To implement the objective of hitting the NSHV target directly, guidance law design is the most important technology in the near space interception. Moreover, the model uncertainties and disturbances, which mainly include the variations of the target's maneuvers and changing engagement conditions, make the NSI guidance system design more difficult [1] .
To intercept the larger maneuvering target, some advanced control methods have also been applied to the guidance law, such nonlinear H∞ guidance law [2, 3] , sliding mode guidance (SMG) law [4] , and so on. However, the above methods dealt with the influence of the target maneuvers at the price of sacrificing the normal guidance performance. In [2] , the guidance law design is formulated as a nonlinear H∞ disturbance attenuation problem, in which the target accelerations are regarded as unpredictable disturbances. In particular, the nonlinear H∞ control problem relies on the solution of the Hamilton-Jacobi-Isaacs (HJI) equation, which is a partial differential equation (PDE) and notoriously difficult to solve both numerically and analytically. SMG is an efficient method to deal with the influence of the target maneuver and parameter uncertainties, but chattering is an unavoidable problem of engineering application [4] . The saturation function and boundary layer method are often used to alleviate the chattering at the price of the disturbance rejection performance.
Extended state observer-based control (ESOBC) has drawn much attention in the past few years [5, 6] . In the framework of ESOBC, a baseline controller is firstly designed under the assumption that there are no system disturbances, such as sliding mode control, optimal control, and so on; then, the feed-forward compensation term is introduced to remove the influences of disturbances, which can be estimated by the proposed extended state observer (ESO).
Motivated by the aforementioned considerations, this paper dealt with the guidance law design problem for the NSI based on the sliding mode control and ESO. Simulation results also show the effectiveness of the proposed design method. 
Guidance Model Description of the NSI
where q  and q  are the azimuth angle and elevation angle in the LOS coordinate system, respectively; r is the relative distance between the interceptor and target; [ 
Guidance Law Design
In this section, a novel guidance law is developed for the time-varying systems Eq.1 and Eq.2 based on the sliding mode control and ESO. 
Guidance Law Design for the Longitudinal Plane
Based on the system Eq.1 and the ESO Eq.4 and Eq.7, we consider the following guidance law:
Step 1: Define the first error surface as follows: 
And, the following first-order low-pass filter is proposed to obtain the filtered virtual control 
Then, the following ESO is proposed to estimate the target acceleration t a  :   21  21  22  22   21  22  21  21  2   22  22  21  2  2 , ( , , ) The proposed guidance law based on the sliding mode and ESO (denoted by BSM+ESO) is applied to the NSI guidance system, and the PNG and SMG are also studied for the simulation comparisons.
The response curves of LOS angle rate based on the three guidance schemes are shown in Figure 1 . Under the same simulation condition, we can obtain that the proposed sliding mode guidance scheme can make the LOS angle rate converge to the steady state value more quickly, and the transient value of the system response is also small.
The simulation result comparisons of the three guidance schemes are shown in Table 2 in terms of miss distance and interception time. We can see from Table 2 that the miss distance for BSM+ESO is minimal. 
Conclusion
In this paper, a novel guidance law is proposed for the NSI based on the sliding mode control and ESO. Firstly, the guidance system with the autopilot dynamic can be divided into the outer loop, middle loop and inner loop. Then, the ESO is developed to estimate the target acceleration of the outer loop and the disturbance of the inner loop, and the estimated values are employed as the feed-forward compensations to remove the influence of the total system disturbances. Finally, simulation results demonstrate that the proposed guidance law can obtain a small miss distance compared with the other guidance schemes.
